A feasibility study of roquinimex (Linomide) (Horoszewxicz et al. 1989 : Minasian et al. 1993 . with a median response duration of 12.2 months (Minasian et al. 1993) . In a review of recombinant a-interferon for metastatic melanoma. the response rate was 22% and median response duration 22.6 months (Kirkw-ood. 1991 ) . Although phase II trials of combinations of interferon with other agents including interleukin 2 (IL-2) and 5-fluorouracil (5 FU) give higher response rates. these have not proven superior in randomized studies and further exploration of combinations of immunomodulators is justified (Oliver. 1994) .
Linomide is an oral quinoline-3-carboxamide derixvatix e w ith immunomodulatince activitv ( Stalhandske et al. 1982) . In preclinical studies. Linomide enhances both the number and actixvitv of natural killer (NK) cells due to recruitment of new target-binding cells from precursor cells in the bone marrow (Kalland et al. 1985a : Kalland. 1990 ). An increase in the number of active monocvtes and T-cells has also been demonstrated w-ith Linomide (Stalhandkse et al. 1986 : Larsson et al. 1987 . In clinical pilot studies of patients with solid tumours (Bergh et al. 1997) and acute myeloid leukaemia patients after autologous bone marrow transplantation (Bengtsson et al. 1992 (Kalland et al. 1985b : Kalland. 1986 : Haminin et al. 1988 . Linomide prolonged survival in mice transplanted with B16 melanoma. reduced the number of spontaneous and ix. induced metastases and suppressed the g!rowth of established lung metastases (Harmngn et al. 1988) . Two minor responses in renal cancer were seen in the pilot study of Linomide alone (Bergh et al. 1997 ).
The combination of Linomide and a-interferon has not previously been evaluated. Potential svnergsy betw een Linomide and a-interferon could be mediated bv interferon independent enhancement of NK cell cytotoxicitx bv Linormide (Kalland et al. 1985a .) This study u-as designed as a feasibilitv and immunopharmacology study in patients with advanced malirnant melanoma or renal cell carcinoma. Its aim was to identifA a tolerable dose of Linomide when civen in combination with a-interferon. Toxicitx was assessed. immunological parameters in peripheral blood were studied in one centre and objective tumour response was evaluated when appropriate. 
PATIENTS AND METHODS

RESULTS
The characteristics of the 31 patients entered are show-n in Table 1 .
Two patients were ineligible because of lack of histological X enfication and an insufficient interval from prior hormonal therapy. Both are included in the intention to treat and safety analvses. but not the immunopharmacologv analysis. Nausea/vomiting Treatment duration and doses of a-interferon Median treatment duration 'Aas 8 w'eeks. including, 6 weeks of ainterferon A ith Linomide (range 1-81 A eeks). Treatment was discontinued in 13 patients because of disease progression after a median of 8 w-eeks (rangye 2-19). and in ten patients because of toxicitv after a median of 7 weeks (rance 1-12). Of the remaininc2 eiaht patients. four stopped therapy because of 'completion of study' (after a median of 33 weeks. range . and four at patient's or clinician's request with toxicity as a contributing ex ent after a median of 9 A eeks treatment (ranoe 2-1 ).
Toxicity
The first cohort of 17 patients received 5 mg of Linomide. Of these. three did not start a-interferon. txwo because of toxicitx and one of progressix e disease. After the first eirht patients. the maximal dose of a-interferon as reduced from 12 to 9 MU because 12 MU was not tolerated. Ox erall. w ith 5 mc of Linomide. 11 patients reached a dose of at least 9 MU of a-interferon three times a week and Awere treated for a median of 11 weeks.
The second cohort of 14 patients receixed 10 mr of Linomide. one of 'Ahom did not start a-interferon because of disease progression. Of the 13 patients receixing a-interferon. 12 received the maximal planned dose of 9 MU of a-interferon with a median treatment duration of 10 w-eeks. Five patients subsequently required dose reductions of a-interferon and three required dose reductions of Linomide ow'inc to side effects.
Objective responses Response w'as ex aluable in 22 patients (13 on 5 mg and nine on 10 mg of Linomide). There was one complete remission after 36 w'eeks treatment in a 57-y-ear-old male with lunc metastases from renal cell carcinoma in the 10-mg group. He continued treatment for 56 weeks and stopped because of completion of study. but progressed 17 'Aeeks later. Six patients (three renal and three melanoma) had stable disease. 'ith a median time to progression of 18 weeks (ranae 12-81 weeks). Oxerall median time to progression was 9 weeks (range 2-81 weeks) for the 5-mg, group and 12 weeks (3-73 weeks) for the 10-mg group.
Immunopharmacology
Nineteen patients had immunopharmacology blood samples tak-en at baseline (14 in the 5-mg, group. five in the 10-mg group). Statistical tests were performed on 13 patients between baseline and 2 weeks and on seven patients between baseline and 8 weeks.
wAith follow-up blood samples in the 5-mg, group only. No such tests were performed on the 10-mg group ow'ing to limited numbers (n = 5). Results are show'n in Table 3 for the 5-mgy Linomide group. There was a statisticallx sicnificant decrease in the absolute number of activated T-helper cells (CD4+DR-) after 2 weeks of 5 ma Linomide. but these changes were not sustained after 8 weeks of combined treatment. No change in the absolute and relatix e number of monocvtes . activated monocytes (CD 1I4DQ-). or NK cells (CD56-CD3+) A-as noted xxith treatment.
In 12 patients tested. there w as no effect on the NK-and lymphokine-activated killer (LAK) cell activity during treatment.
There was a sianificant increase in the number of WBCs and neutrophils during the first 2 weeks of treatment with Linomide in both dose groups and in monocy-tes in the 5-mg Linomide group. but this 'as not sustained to 8 w'eeks 'Ahen a-interferon '-as added. The number of ly mphocytes showed a significant decrease after 8 weeks in the 10-mg Linomide group alone. The number of platelets increased significantly after 2 Aseeks. but then decreased significantly after 8 weeks of treatment in both dose groups. DISCUSSION This is the first time a-interferon and Linomide hax-e been used together. We obserxed no change in the absolute and relatixe number of NK cells after Linomide alone. nor 'Ahen a-interferon A as added. This A-as in contrast to prexious preclinical and clinical studies (Kalland et al. 1985a : Kalland. 1990 : Bengtsson et al. 1992 : Bergh et al. 1997 . wxhich haxe shown an increase in absolute and relative numbers of NK cells '-ith an increase in functional actixitx durinn Linomide treatment. We saw a statistically significant decrease in the number of actix ated T-cells (CD4-DR-) after 2 weeks of treatment xxith Linomide alone. not sustained after 8 wxeeks of combined treatment. In two previous clinical studies xxith Linomide (Bengtsson et al. 1992 : Bergh et al. 1997 ). no effect had been seen on activated T-cells. There was no change in monocytes during treatment in this study compared with increases in absolute and relative numbers of monocytes previously reported (Bengtsson et al. 1992; Bergh et al. 1997) .
Prechinical studies have denmsed that enhanced NK cell activity during Linormide treatnent is due to recruitment of new cells from precursor cells in the bone marrow. rather than an increase in the cytotoxic activity of pre-existing cells (Kalland. 1990) . We saw no change in LAK and NK cell cytotoxicity. The apparent lack of effect on immunological parameters in this study. particularly NK cell numbers and activity. may be a result of the gross impaiment of the immunological system in patients with advanced cancer. Indeedk patients with metastatic disease often have abnormalities in NK cell function and/or NK cell numbers (Whiteside et al. 1994) .
The frequency of adverse events during the first 2 weeks of treatment with Linomide alone appears to be the same in both dose groups. When a-interferon was added. the frequency and severity of toxicity in each group increased. Combined treatment was poorly tolerated. with 45% of the patients stopping therapy because of toxicity as a primary (ten patients) or contributing reason (four clinician/patient request). This is much higher than the 6% withdrawal rate for toxicity reported with a-interferon alone at doses greater than 9 MU three times weekly (Minasian et al. 1993 ). The similar adverse event profile of Linomide and a-interferon (fever. fatigue. myalgia. flu-like symptoms. nausea and vomiting) probably explains the low tolerance of the combination in these patients.
In an earlier study. single-agent Linomide 15 mg given twice weekly achieved two minor responses in renal cell carcinoma (Bergh et al. 1997) . The disappointing observation of only one response in 22 evaluable patients (4.5%) in the current study makes it unlikely that the true response rate is over 20% (P = 0.048. onesided test). The lack of added efficacy with the combination may be due to the absence of the anticipated immunological benefits. particularly an increase in number and functional activity of NK cells.
This observation. together with the poor tolerability, leads us to conclude that the combination of a-interferon and Linomide does not merit further exploration using these doses and this schedule.
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